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I’SRJ0045-7319: A dual-line binary radio pulsar
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Binary radio pulsars arcsuperb tools for mapping binary orbits, becauseof the precision
of the pulse timing method.! ‘1’0 date, all orbital parameters for binary pulsars have
beenderived from observations of the pulsar alonce. The only known pulsarinthe Small
Magellanic Cloud (SMC), PSR .10045 - 7319, was discovered in a systematic scarch for
radio pulsars inthe Magellanic Clouds.’1t was recently shown® to bein a 51-day binary
orbit of Eccentricity 0.8. T'he pulsar’s mass function of 2.17 M,., implies a minimum
companion mass of 4.0 Mg for al1.4Mg pulsar. Sincethe maximum mass for a neutron
star is 3.0 Mg,?® the companion must be cither ablack hole or a massive non-degenerai.e
star. The 131V star identified at the position of thepulsar is a strong candidate for the
companion.® lere wedescribe the first observations of theradial velocity of a binary
companion to aradio pulsar. Our results unambiguously prove that the companion to
the pulsar PSR J0045- 7319 is the B1V star identified by Kaspicial. (1994). The mass
ratio of thesystem is 6.34 1.2, which, for a neutron star mass of 1.4 Mg,1s consistent

with themassexpected for a B1V star.

For a B1V star companion, scveral obscrvable effects are expected, since the pulsar approaches
to within six stellar radii from the star at periastron. At radio wavelengths, effects that would vary
with orbital pliase include dispersion, scattering and absorption of the pulsed emission. However.
the only orbital-phase-dependent variations obscrved arcesystematic frequency independent timing
residuals withrespect to al<eplerian orbit.¢ Opti cally, the star should show radial velocity variations
withanamplitude of approximately 30 ki s-]. 1t has also been suggested mar the companion may
exhibit resonant flux variations excited by the cccentric orbit ™ T contrast, if the true companion is

a black hole® and the B1V star is not associated, none of the above ¢f [eets should be observed.
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In rorder to scarch for these radial velocity variations, spectra having a resolu tion of (.55A per
pixel, with 500A centred on 3900A were obtained at nine epochs using the Australian National
University’s 2.3 m telescope at Siding Spring, NSW Australia. The oxygen doublet at 3728A from
asurrounding 1111 region was used as aradial velocitystandard.  Helium argon arcs were used to
determine the dispersion. Radial velocities were ohtained by Iourier cross corrc:lation of the spectra.

With the binary period, longitude and cpochi of periastron and ccecentricity determined from
radio obscrvations,® the systemic radial velocity andamplitudeof the companion’s radial velocity
varial jon were determined using a least squares fit to the observed velocities. The fit to the radial
velocity Curve is shownin Igure 1along with the residuals and the pulsar’s radial velocity curve.
This fit gives amass ratio of 6.3 1.2. For ancutron stil’ mass” of 1.4 M., this gives a companion
mass of 8.8: 1.8 Mg and aninclination angle for the binary 01 44 -5 degrees. The derived ina ss
is marginally lower thanthe typical mass of a B1V star,~11Mg.'% A goodtest of the stability
of sucha fit is to remove the point that appears most. CL'11(71i1] and check howimuch the parameters
change by, Applying; this test by removing the point just after orbital phase zero, only changes the
fitted paramcters by 12%.

A key implication is that the wind of the companion is tenuous compared with those of typical
Galactic Bstars, as was suggested by Kaspicf al. (19941). Sclection may play arole here, as higher
stellar wind densities might have rendered the pul sar invisible as in the case of PSR 131259 63 near
periastron.’? The derived rotational velocity for the companion) is 280 o 20 1xm s 1. A high rotational
velocity for the companion is expected, since these rotational velocities arc common amongst main
sequence Bl stars and evolutionary scenarios’? for this type of system involve ma ss transfer from
the pulsar progenitorto the companion, which serve to spin it up.

We find the radial velocity of the companion to be 10 4 7 kin s-1 relative to the surrounding
nebula NGC 248 (N13A -1 N13B). 7% The heliocentric radial velocity of 127: 7 km s ' for NGC
248 compares wel] with the previously measured value’of 1314 2.5 ki S-1. ‘111 heliocentric
velocity of the binary systeinof | L7 47k s? is consistent with the uncertainties with the 167
440 ki s77, estimated from Jow dispersion spectra.''I'hie heliocentric velocities of both the PSR
J0045 7319 Dbinary and NG C 7248 arc somewhat less than the mean heliocentric radial velocity for
the SMC™ of 160 Km s’ . However, whenone considers radial velocities of the four componcuty

of the SMC,'® -45, 28, 9and 30 km s-’ (relative to the mecan), the difference is not surprising.
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Heliocentric radial velocities for M stars'® in the same region as PSR J004H 7319 are similar to that
of PSR J0015 7319.

The results outlined here provide unambiguous evidence that the BIV star identified by Kaspi
ct al? is the companion to PSR J0045 7319, and rule out a black hole companion as proposed by
Lipunov et al. (1994). The fact that no known radio pulsar has a black h ole compa nion mcans that
we have no definitive proof that such svstems exist, despite the existence of objects such as C ygnus
X-3'" which might be expected to form a black hole-neut von star binary in the future. This might
be because binaries containing black holes are particularly susceptible to coalescence during the final
comimon-cnvelope phase of their evolution. However the expectednmmnber o f observab le pulsar black
hole binaries given the statistics of the known pulsar popula tionis only of the order of one 1819
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Figure 1. Top: Radial velocity data and fitted curves for the radio obser ations® (large amplitude
curve) and for the companion, from optical observations (simall amplitude curve). Bottom: Residuals
of the two parameter fit to the optical radial velocity variations of the companion. In both panels

the error bars shown are -1 one standard deviation.
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